The authors assessed the relations between occupation and risk of developing asthma in adulthood in a 1997-2000 population-based incident case-control study of 521 cases and 932 controls in south Finland. The occupations were classified according to potential exposure to asthma-causing inhalants. Asthma risk was increased consistently for both men and women in the chemical (adjusted odds ratio (OR) = 5.69, 95% confidence interval (CI): 1.08, 29.8), rubber and plastic (OR = 2.61, 95% CI: 0.92, 7.42), and wood and paper (OR = 1.72, 95% CI: 0.71, 4.17) industries. Risk in relation to occupation was increased only for men-for bakers and food processors (OR = 8.62, 95% CI: 0.86, 86.5), textile workers (OR = 4.70, 95% CI: 0.29, 77.1), electrical and electronic production workers (OR = 2.83, 95% CI: 0.82, 6.93), laboratory technicians (OR = 1.66, 95% CI: 0.17, 16.6), and storage workers (OR = 1.57, 95% CI: 0.40, 6.19). Of the predominantly men's occupations, metal (OR = 4.52, 95% CI: 2.35, 8.70) and forestry (OR = 6.00, 95% CI: 0.96, 37.5) work were the strongest determinants of asthma. For women, asthma risk increased for waiters (OR = 3.03, 95% CI: 1.10, 8.31), cleaners (OR = 1.42, 95% CI: 0.81, 2.48), and dental workers (OR = 4.74, 95% CI: 0.48, 46.5). Results suggest an increased asthma risk both in traditional industries and forestry and in several nonindustrial occupations. asthma; case-control studies; occupational diseases; occupations Abbreviations: CI, confidence interval; EU, European Union; OR, odds ratio.
Asthma is a common chronic disease in adults and consequently has a substantial impact on public health and health care expenditures. Between 200 and 300 agents are encountered at work that have been reported to cause asthma through respiratory sensitization (1, 2) . A few populationbased epidemiologic studies have investigated the relations between long-term occupational exposures and the risk of asthma (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . They were reviewed recently by a working group of the American Thoracic Society (16) .
Previous studies assessing the effect of occupational exposures on the risk of asthma have focused on prevalent asthma and applied a cross-sectional study design. Cross-sectional studies are known to be sensitive to selection bias. This bias has sometimes been referred to as the "healthy worker effect," that is, selection to work according to health status, which means that subjects with early symptoms and signs of asthma leave their jobs before the diagnosis, masking an effect of exposure on asthma. A study of newly diagnosedincident rather than prevalent-cases would reduce such selection bias and provide more accurate effect estimates. We conducted a population-based incident case-control study in Finland to assess the relations between occupation and the risk of asthma.
MATERIALS AND METHODS

Study design
Ours was a population-based incident case-control study. The source population consisted of adults 21-63 years of age living in a geographically defined administrative area of south Finland, where the 1997 population was 440,913. The study was approved by the ethics committees of the Finnish Institute of Occupational Health and the Tampere University Hospital.
Definition and selection of cases
We systematically recruited all new asthma cases, first in the city of Tampere beginning on September 15, 1997, and then from March 10, 1998 , to March 31, 2000, in the whole Pirkanmaa Hospital District (17, 18) . Patients were recruited at all health care facilities diagnosing asthma, including the Department of Pulmonary Medicine at the Tampere University Hospital, offices of the private-practicing pulmonary physicians in the region, and public health care centers. As an additional route of case selection, the National Social Insurance Institution of Finland invited all patients whose reimbursement rights for asthma medication began during the period September 1, 1997-May 1, 1999 and who had not yet participated.
At the Tampere University Hospital, cases were recruited at their first visit due to suspected asthma, and the diagnosis was verified in clinical examinations. At the other health care facilities, cases were recruited immediately when the asthma diagnosis was verified. The same protocol for diagnosing asthma was applied at all health care facilities. The National Social Insurance Institution invited the cases 6 months to 2 years after their diagnosis was established. For these patients, the date and criteria of the asthma diagnosis were confirmed from their medical records so that the diagnosis of asthmatics included in our study fulfilled our criteria. For all cases, we verified from their medical records that they did not have a previous asthma diagnosis. Eligible subjects were invited to participate in the study, and informed consent was asked by their physician or through a letter sent by the National Social Insurance Institution. The cases answered the questionnaire at the time of recruitment.
The diagnostic criteria applied for asthma included 1) presence of at least one asthma-like symptom (prolonged cough, wheezing, attacks of or exercise-induced dyspnea, or nocturnal cough or wheezing); and 2) demonstration of reversibility of airways obstruction in lung function investigations, including spirometry and bronchodilation test, and a 2-week peak expiratory flow follow-up (19) . The lung function criteria are presented in table 1. A total of 362 cases (response rate, 90 percent) participated through the health care system and 159 cases through the National Social Insurance Institution (response rate, 78 percent). Thus, the total was 521 cases.
Selection of controls
We randomly selected 1,500 controls from the source population by using the national population registry, with full coverage of the population. The general eligibility criteria were also applied for controls. Controls were recruited at regular intervals throughout the study period. Before sending each round of recruitment letters, we used the population registry to check whether the person was still living in the Pirkanmaa region. Information on informed consent was sent in the letter, which was returned in a prepaid envelope to the study project research nurse. After as many as three invitation letters were sent and telephone calls were made, 1,016 controls participated in the study (response rate, 80 percent of those who had a telephone number in the Pirkanmaa area). Previous or current asthma was reported by 76 (7.5 percent), six were older than age 63 years, and two returned incomplete questionnaires. After we excluded these persons, our study population included 932 controls.
Occupational groups and exposures
Study subjects answered a self-administered questionnaire modified from the Helsinki Office Environment Study questionnaire for use in a general population (20, 21) . The questionnaire included six sections: 1) personal characteristics, 2) health information, 3) active smoking and environmental tobacco smoke exposure, 4) occupation and work environ- (19) : maximum daily variation = (highest PEF value during the day -lowest PEF value during the day)/highest PEF value during the day; bronchodilator response = (highest PEF value after bronchodilating medication -highest PEF value before medication)/highest PEF value before medication.
Lung function criteria 1. Significant improvement in response to short-acting bronchodilating medication in a bronchodilator test; the criteria for significant changes were FEV 1 *: ≥15% FVC*: ≥15% PEF*: ≥23%
and/or 2. ≥20% daily variation † and/or ≥15% improvement † in response to short-acting bronchodilating medication during at least 2 days in a 2-week diurnal PEF follow-up and/or ment, 5) home environment, and 6) dietary questions. The section on occupation and work environment inquired about current occupation and previous occupations throughout a subject's working history, starting with the current one and recalling occupational history backward. Additional questions inquired about details of the indoor environment at work, including dampness and mold problems, exposure to environmental tobacco smoke, and some other specific occupational exposures. The subjects were asked whether they had changed their work because of respiratory problems and, in the case of a confirmatory answer, to indicate the job and describe the symptoms.
We applied International Standard Classification of Occupations-88 classification to code the reported occupations. On the basis of previous epidemiologic studies and the national reports of occupational asthma, we identified 25 groups of occupations with potential exposure to asthmacausing inhalants. The reference category included professionals, clerks, and administrative personnel. To classify each subject into an occupational group, we used the current job (at the time of asthma diagnosis or up to 3 months prior to it) or the most recent one that the subject had quit because of respiratory symptoms.
Statistical methods
We compared the risk of asthma between the selected occupational groups and the reference category, and we used odds ratios as a measure of the relation between an occupational group and the risk of asthma. We systematically adjusted for age, gender, and smoking in unconditional logistic regression analysis.
RESULTS
Characteristics of cases and controls
Characteristics of the cases and controls are presented in table 2. The proportion of women was greater among cases than controls, and the cases tended to be younger and have a higher level of education. Ex-smoking and smoking were more common among cases than controls. Table 3 presents the percentages of cases and controls in each occupational group. The proportions of students, housewives, and those on maternal or long-term sick leave, as well as those who were retired or unemployed, are also given. A total of 30 cases (5.8 percent) and 16 controls (1.7 percent) had changed jobs because of respiratory symptoms. These subjects were classified according to the most recent job they had quit because of these symptoms. Table 4 shows the adjusted odds ratios of asthma in different occupational groups; professionals, clerks, and administrative workers were considered the reference category.
Occupational groups and the risk of asthma
We were able to calculate effect estimates for both men and women for 12 occupational groups, whereas six groups included mainly men and seven groups mainly women. The risk of asthma was increased consistently for both men and 
DISCUSSION
Our results provide evidence that the risk of adult-onset asthma is greater than expected for several occupational groups. The risk increased among both male and female workers in the chemical, rubber and plastic, and wood and paper industries; for male forestry and metal workers; and for female waiters, cleaners, and dental workers.
Validity of the results
We reduced the likelihood of selection bias in both the design and analysis phases. We studied incident rather than prevalent cases of asthma and thus improved the validity of the risk estimates compared with many earlier crosssectional studies. The incident case-control study is an efficient design compared with a cohort study yielding a similar amount of information. The present study corresponds to a follow-up of approximately 100,000 adults for 5 years if we assume a realistic asthma incidence of one case per 1,000 person-years. The confidence intervals for the risk estimates were relatively wide, indicating low precision due to a small number of workers in many of the 25 occupational groups assessed. Our study took into account a change in job after appearance of respiratory symptoms to reduce potential bias related to avoidance of occupational exposures. We attempted to reduce information bias by introducing the study to the participants as a study on environmental factors in general, with no special emphasis on occupational exposures. Information on exposures was collected from cases and controls in a similar way. The possibility of differential information on current or previous occupations cannot be fully excluded, but occupational category is likely to be less sensitive to bias than reported information on the presence of some specific occupational exposures per se. We defined asthma on the basis of clinical and lung function findings to eliminate information bias concerning the outcome, which could result if persons with occupational exposures interpreted their respiratory symptoms as asthma. Information bias could also result from basing the diagnosis solely on registries, but, for our cases (n = 159) recruited through the National Social Insurance Institution, we verified the diagnosis by reviewing the medical records of each potential case. In multivariate analyses, we were able to adjust for age, smoking, and gender. However, we cannot totally exclude the possibility of confounding due to other personal or environmental factors.
Synthesis with previous knowledge
We identified nine studies that investigated the relations between occupational exposures and the risk of prevalent asthma in population-based settings (3-8, 10, 12, 13 ). The first cross-sectional studies from Italy, Norway, and China provided estimates for the relation between the risk of asthma and self-reported occupational exposure to dust, chemicals, or gases (3) (4) (5) . These studies were followed by cross-sectional studies conducted in Singapore (6), Spain (7), New Zealand (8), the United States (10), and, in collaboration, in 12 European Union (EU) countries (12) , where the risks of asthma in different occupational groups were compared. Recently, results of a registry linkage of the Medical Reimbursement Register and the Finnish Register of Occupational Diseases for 1986-1998 were published (14) . This study provided ageadjusted incidence rate ratios for men and women in different occupational groups using administrative workers as a reference category. This study based the diagnosis of asthma, as well as the classification of occupation, on register data only, thus being vulnerable to misclassification of both exposure and outcome. In addition, study investigators were not able to adjust for smoking because of a lack of individual information on smoking habits.
Consistent with the EU study, the risk of asthma according to the present study was increased for workers in the chemical industry and the rubber and plastic industry. The effect estimates in the present study were substantially higher (OR = 5.69 for the chemical and OR = 2.70 for the rubber and plastic industry) than in the EU study (OR = 1.33 and OR = 2.20, respectively), although the confidence intervals included the EU study estimates. The focus on prevalent cases of asthma in the EU study may have led to some underestimation in the presence of selection of occupation or change of job due to early symptoms and signs of asthma. The Finnish registry linkage study reported incident rate ratios of 1.36 and 1.41 for men and women, respectively, in the chemical industry (14) .
We also found an increase in the risk of asthma related to the wood and paper industry (adjusted OR = 1.72, 95 percent CI: 0.71, 4.17). The paper and pulp industry constitutes the major branch of traditional industry in Finland. Most pulp mills produce sulfate cellulose and emit malodorous sulfur compounds, such as hydrogen sulfides, methylmercaptans, and sulfur dioxide. Handling of pulp and paper is likely to result in exposure to paper dust. Cross-sectional studies from Finland have shown an increased risk of lower respiratory symptoms, such as cough and wheezing, in relation to living in the vicinity of pulp mills (22, 23) .
Our finding of an increased risk of asthma among male metal workers (adjusted OR = 4.52, 95 percent CI: 2.35, 8.70 ) is consistent with findings from the population-based study conducted in Spain (7) . In addition, the EU study reported a slight, nonsignificant increase in the risk of asthma among welders (12) . The Finnish registry linkage study provided a somewhat lower risk estimate of 1.70 (95 percent CI: 1.40, 2.00) for men, but it also reported an increased risk of 1.63 for women (95 percent CI: 1.14, 2.33) (14) .
Studies conducted in Singapore (adjusted OR = 1.91, 95 percent CI: 1.22, 2.99) and Spain (adjusted OR = 1.82, 95 percent CI: 0.78, 4.22), as well as the EU study (adjusted OR = 1.97, 95 percent CI: 1.33, 2.97), reported an increased risk of asthma among cleaners (6, 7, 12) . In the present study, we found a 42 percent increase in the risk of asthma among female cleaners. This observation supports the hypothesis about the occupational hazards related to cleaning work. Potential mechanisms include a strong irritative effect on the airway epithelium due to a mixture of several irritative chemicals, as well as an interaction between irritative chemicals and dust exposure. The risk estimates from the Finnish registry-linkage study were of the same magnitude (adjusted OR = 1.50, 95 percent CI: 1.43, 1.57) (24) .
The asthma risk was also increased substantially among female waiters (adjusted OR = 3.03, 95 percent CI: 1.10, 8.31). To our knowledge, this finding is original, since previous epidemiologic studies on occupation-related asthma did not focus on this occupational group. Exposure to environmental tobacco smoke has been a predominant occupational hazard for waiters, and some evidence suggests that such exposure in adulthood increases the risk of asthma (25) . Workplace exposure to environmental tobacco smoke has been linked with asthma in some previous studies (26) (27) (28) .
Conclusion
The present results provide evidence of the role of several occupations in the development of asthma. Research identifying previously unknown causes of asthma is warranted so that workers' protection measures can be developed. For example, the role of environmental tobacco smoke and chemicals used by cleaners should be evaluated further.
